Summary. Monoclonal antibodies against the cell surface were produced by immunizing mice with endometrial scrapings prepared from 6-day pregnant rabbits. Spleen cells from an immune mouse were fused with myeloma cells and cultured by standard hybridoma technology methods. Hybridoma supernatants were screened for reaction with the apical epithelial surface by immunohistochemistry on frozen sections of uterus from 6-day pregnant rabbits, and positive colonies were cloned by limiting dilution. Ascites fluid was produced in mice from hybridoma clones that gave a consistent pattern of apical epithelial surface staining through 6 sub-clonings. Antibodies in the ascites fluid were tested by immunohistochemistry on frozen sections of uterus, oviduct, lung, liver and kidney from nonpregnant or 6-day pregnant rabbits. At a dilution of 1:5000, the antibodies recognized an antigen that was specific to the apical surface of luminal but not glandular epithelium of the 6-day pregnant uterus and could not be detected in the nonpregnant uterine epithelium. At higher concentrations of antibody (1:100 to 1:1000), crossreaction was seen with antigens in stromal and myometrial cells of pregnant and nonpregnant uterus. At a dilution of 1:5000, the antibody also crossreacted with some components of lung, liver and kidney but without discriminating between the two reproductive states. In the oviduct, staining of the surface epithelium was specific to the pregnant state. We conclude that this monoclonal antibody has a high affinity for a luminal epithelial cell surface antigen in the reproductive tract of the pregnant rabbit and shows multiple organ reactivity with other tissues that is not affected by pregnancy. This antigen will provide a useful cell surface marker of epithelial differentiation in the progestational reproductive tract.
Introduction
It has long been recognized that the cell surface plays an important role in cellular interactions and differentiation (Gilula, 1980; Moscona, 1974; Subtelny & Wessels, 1980; Thiery, 1984) . Several techniques have been used to identify and examine the involvement of specific cell surface compo¬ nents in these events, including lectin binding (Milos & Zalik, 1982; Maylie-Pfenninger & Jamieson, 1980; Chavez & Enders, 1982) and biochemical characterization (Pinsker & Mintz, 1973; Magnuson & Epstein, 1981) . Recent advances in immunology have allowed the production of polyand monoclonal antibodies to identify specific markers of differentiation and investigate their func¬ tional significance. As such, stage-specific markers have been identified that characterize a wide variety of cells (Müller & Gerisch, 1978; Hyafil et al, 1980; Knudsen et al, 1981 ; Yoshida & Takeichi, 1982; Drabner & Pokorna, 1984; Richa et al, 1985) .
Various techniques have been used to study differentiation of the endometrial epithelium. This epithelium is hormone-dependent, and must differentiate to provide a uterine lining that is recep¬ tive to implantation (Martin, 1980; Casimiri & Psychoyos, 1981) . Although the mechanism by which the endometrial epithelium is breached during implantation varies with species (Schlafke & Enders, 1975; Wimsatt, 1975) , this normally will not occur without appropriate hormonal conditioning (Nilsson, 1967; Potts & Psychoyos, 1967) .
The luminal epithelium of the rabbit uterus undergoes extensive differentiation before the time of implantation, and has been characterized using morphological, cytochemical, and biochemical methods. The changes described include proliferation of the luminal epithelium into numerous folds (Davies & Hoffman, 1973 , 1975 , accompanied by a loss of surface negativity and alteration in glycocalyx morphology (Anderson & Hoffman, 1984) , increased affinity for certain lectins (Anderson et al, 1986) , and appearance of new membrane proteins (Lampelo et al, 1985; Anderson et al., 1986) . Similar progestational alterations in uterine surface negativity, glycocalyx morphology, or lectin binding have been described for rats (Hewitt et al, 1979; Murphy & Rogers, 1981) , mice (Chavez & Anderson, 1985) , sheep (Guillomot et al, 1982; Whyte & Robson, 1984) , pigs, and equids (Whyte & Robson, 1984) .
We have extended the available differentiation markers of the endometrial epithelium by producing antibodies that recognize the luminal surface of the progestational endometrium. Using endometrial scrapings from uteri of 6-day pregnant rabbits as an immunogen, we have produced monoclonal antibodies which recognize various components of the rabbit uterus. We report here the analysis of one of these antibodies, and describe its recognition of uterine and non-uterine tissues under different hormonal influences.
Materials and Methods
Immunization. Uteri were obtained from 6-day pregnant New Zealand White rabbits as described previously (Lampelo et al, 1985) . Before excision the uterine vasculature was perfused in situ with about 300 ml Tris-buffered saline (TBS; 10 mM-Tris-HCl, pH 7-3 at 25°C, 150 mM/NaCl) to remove blood proteins. The uteri were excised, flushed with 10 ml TBS to recover blastocysts, cut longi¬ tudinally and placed on ice. The endometrium was scraped off the entire luminal surface, using a microscope slide, and washed extensively with TBS under sterile conditions. Endometrial scrapings from 3-4 rabbits were suspended in 2-5 ml TBS and drawn through a 21-gauge needle into a syringe. BALB/c mice were injected intraperitoneally with 0-5 ml of the endometrial suspension on 6 occasions at intervals of 3-4 weeks over a period of 5 months. Blood was withdrawn periodically and tested for the presence of antibodies by immunohistochemistry as described below. The spleen of a mouse whose serum was strongly positive for staining frozen sections of 6-day uterus was removed 3 days after the last booster and used for fusion with myeloma cells to produce hybridomas.
Monoclonal antibody production. Conventional techniques of hybridoma production were followed (Goding, 1983 Clones were selected for production of ascites fluid after a consistent luminal surface staining pattern was obtained in the last 3 of 6 or 7 subclonings. Male BALB/c mice were injected i.p. with 0-5 ml pristane (2,6,10,14-tetramethylpentadecane; Aldrich Chemical Co., Milwaukee, WI), twice with a 1-week interval. At 10 days after the last treatment, the mice were injected i.p. with 5 IO5 hybridoma cells from cryopreserved stocks. Ascites fluid was collected by abdominal puncture after 10-14 days, and cleared by centrifugation at 10 000 g for 10 min.
Analysis of ascites fluid. Fig. 11 . The staining is present on the outer apical surface of luminal epithelial cells, and nearly all cells appear to be stained. Where the section was cut tangential to the uterine lumen, the domed outline of the apical membranes can be seen clearly (Fig. 11) .
Staining of non-uterine tissues
To assess the specificity of the antibody for the uterus, we tested the staining of EBB2 ascites fluid at 1:5000 dilution on frozen sections of liver, kidney, lung, and oviduct from 6-day pregnant and nonpregnant rabbits. There was no staining of liver parenchymal cells in tissue from pregnant (Figs 7 & 8) . A tangential section through the luminal epithelium is indicated by the asterisk (Fig. 11) . Figs 7-10, 220; Fig. 11 , 500.
Figs 12-19. Immunohistochemistry with EBB2 ascites fluid diluted 1:5000 on frozen sections of non-uterine tissues from 6-day pregnant (Figs 12, 14, 16, 18) In sections of lung from pregnant or nonpregnant rabbits the antibody stained only the smooth muscle surrounding air-conducting (bronchioles) and vascular (arterioles) components (Figs 16 & 17) . No (Figs 18 & 19) .
In control incubations of each of the above tissues, where normal mouse serum was substituted for the antibody, no staining was evident, and the background was similar to that of control sections of the uterus (see Figs 9 & 10) .
Discussion
In most mammals, the uterine endometrium undergoes marked epithelial proliferation and differentiation in preparation for pregnancy (Finn & Porter, 1975) . These morphological changes are regulated by oestrogen and progesterone, and the hormonal requirements have been well docu¬ mented in several species (Finn, 1977) . In the rabbit uterus, progesterone is a more potent mitogen than oestrogen (Lee & Dukelow, 1972) , and implantation can be sustained in ovariectomized rabbits by progesterone alone (Wu & Allen, 1959) . Few differentiation markers of the proges¬ tational epithelium are available. Two secretory proteins, uteroglobin in the rabbit (Savouret & Milgrom, 1983) and uteroferrin in the pig (Roberts & Bazer, 1980) , have been shown to be specific to the uterine epithelium and induced by progesterone. While several stage-specific changes in the uterine epithelium have been identified, no immunological probes for epithelial cell surface markers have been described.
By immunizing mice with endometrial scrapings from 6-day pregnant rabbits we have produced hybridomas secreting antibodies against a variety of uterine cells. We chose to use endometrial scrapings, rather than perform cell separation as in our earlier work (Ricketts et al, 1983) , to avoid enzymic treatment and consequent degradation of membrane surface proteins (Nicolson, 1972) . It is notable that such an unspecified mixture of tissue, containing many cell types and mostly undissociated cells, was successful in stimulating production of specific epithelial surface anti¬ bodies, which could be selected by appropriate screening. We have cloned a cell line that produces antibodies with a high affinity for an antigen present on the apical surface of luminal epithelial cells. At high concentrations, the antibody recognizes uterine stromal and myometrial elements but when diluted 1:5000 the antibody loses affinity for these components. We interpret this finding to mean that the antibody recognizes similar epitopes with lower affinity on non-epithelial cells in the uterus. The high-affinity antigen is not detectable on the epithelial surface in nonpregnant rabbits, and appears on the apical epithelial surface membrane in 6-day pregnant rabbits. At 1:5000 dilution, however, the antibody also recognizes the epithelial surface of the oviduct and stains different cells in the liver, kidney and lung. This staining pattern could be explained in 3 ways: the antibody is not monoclonal, the antibody recognizes the same antigen in different tissues, or the antibody shows multiple specificity for different antigens.
The evidence that the antibody is monoclonal comes from the observations that the ascites fluid was produced from a cell line that was cloned 6 times by limiting dilution at 1 or fewer cells/well; that the staining pattern in the uterus was consistent through at least the last 3 subclonings; and that a single precipitin line was obtained with immunoelectrophoresis against antimouse Ig antiserum. We therefore think it is unlikely that contamination by secondary cell lines is present.
Monoclonal antibodies show various degrees of cross-reactivity depending on the epitope which the antibody recognizes (Bundesen et al, 1980) . Edwards (1981) has emphasized that monoclonal antibodies are often able to bind other antigenic determinants having enough structural similarity to allow recognition. The question of multiple specificity of monoclonal anti¬ bodies has been reviewed by Lane & Koprowski (1982) , who cited several examples of monoclonal antibodies binding to apparently unrelated antigens. The experimental evidence for polyfunctional antibody combining regions was examined in detail by Richards et al (1975) . Unexpected crossreaction of monoclonal antibodies is a recognized phenomenon that is rarely, if ever, observed with polyclonal antisera. Monoclonal antibodies against insulin and growth hormone stain tissues in which these genes are not expressed (Saegusa et al, 1985) and this phenomenon is known as multiple organ reactivity (Haspel et al, 1983) . Because the cell type stained by the antibody in different tissues was not consistent, we believe that the cross-reactivity observed is an example of multiple organ reactivity and that the antibody may recognize different antigens.
No difference between pregnant and nonpregnant animals was seen in any ofthe non-reproductive tissues examined. In the uterus, however, the high-affinity antigen was specific for the luminal epithelial apical surface on Day 6 of pregnancy and did not appear in the epithelium of nonpregnant animals. The observation that the pregnancy-specific staining was found in the luminal and not the glandular epithelium agrees with the findings of Davies & Hoffman ( 1973) and Conti et al. ( 1984) that differentiation of the rabbit endometrium involves proliferation of the luminal and not the glandular epithelium. A similar specificity for pregnancy was seen in oviducal epithelium, suggesting that hormonally regulated expression of this epitope may be a feature common to the epithelial cells of the reproductive tract. We cannot rule out at present that the same antigen is expressed constitutively in several tissues and shows changes with pregnancy only in the reproductive tract, where progesterone receptors would be expected in the cells. The pregnancy-specific staining in the oviduct and uterine epithelium suggests that this antibody will be useful for studies on a cell-surface differentiation marker of the progestational epithelium. The identity of the antigen recognized by this antibody, and its possible physiological function, are being investigated.
